The effect of implants containing anabolic steroid (Synovex@) on testis function, feedlot performance, and carcass traits was evaluated in bulls, steers, and bulls actively immunized against gonadotropin-releasing hormone (GnRH). Ninety-one Hereford or Hereford x Red Angus bull calves were randomly assigned to a 3 x 2 factorial experiment. The treatments were 1 ) unimmunized control ( n = 30), 2) actively immunized against GnRH ( n = 31), or 3 ) castrate ( n = 30). The classes were 1) unimplanted ( n = 45) or 2 ) implanted ( n = 46) with Synovex. Animals in treatment Groups 2 and 3 were either immunized with a GnRH-keyhole limpet hemocyanin (KLH) conjugate or castrated at 3.6 k .1 mo of age. Animals assigned to Class 2 received Synovex-C at the time of initial treatment and Synovex-S a t weaning and feedlot entry. Animals in treatment Group 2 received a booster immunization at feedlot entry. Anti-GnRH titer was evident at weaning and remained elevated to slaughter in all (31 of 31) immunized animals. AntiGnRH titer was not evident in steers or unimmunized bulls. Immunization and(or) Synovex decreased ( P < .05) serum concentrations of testosterone ( T ) and scrotal circumference ( S C ) at weaning. Similarly, SC, Key Words: Immunization, GnRH, testis weight, and tissue concentrations of spermatozoa at slaughter were significantly reduced by immunization, Synovex, or the immunizationiSynovex combination. Immunization, but not Synovex, reduced ( P < .05) serum levels of T at slaughter. The masculinity of immunized bulls was less ( P < .05) than that of control bulls. The final live weight and carcass weight of immunized bulls, regardless of implant class, and implanted steers did not differ ( P > .05) from the slaughter and carcass weights of unimplanted control bulls. However, the final live weight, carcass weight, and feedlot gain of unimplanted steers was lower ( P < . 0 5 ) than the slaughter and carcass weights and feedlot gain of control or immunized bulls or steers with Synovex implants.
Introduction
The hypothalamic decapeptide gonadotropin-releasing hormone (GnRH) is a key element in the endocrine cascade that supports growth and functional maturation of the testes in cattle (Amann, 1983; Amann and Schanbacher, 1983) . The transition from the infantile to the prepubertal stage of sexual maturation that usually occurs in bull calves by the 4th mo of age is associated with a marked increase in the frequency of secretory episodes of GnRH (Rodriguez and Wise, 1989 ) and a similar change in the dynamics of LH secretion (McCarthy et al., 1979; Amann et al., 1986; Wise et al., 1987) . Indeed, onset of the infantile-prepubertal transition in bull calves is accelerated by pulsatile delivery of exogenous GnRH (Rodriguez and Wise, 1991) . Conversely, testicular growth is arrested and the puberal transition retarded in cattle in which secretion of GnRH is suppressed in response to treatment with exogenous steroids (Schanbacher, 1984a; Deaver et al., 1988) .
Immunoneutralization of GnRH has been proposed as an alternative to surgical castration in management of beef cattle (Robertson et al., 1979) . Early studies of immunoneutralization of GnRH in beef cattle were characterized by short-lived and inconsistent immunologic responses (Robertson et al., 1979 (Robertson et al., , 1982 Jeffcoate et al., 1982) . However, we Adams, 1990, 1992) have recently demonstrated that GnRH covalently linked to keyhole limpet hemocyanin ( KLH) is a potent immunogen that leads to a consistent and long-lived immune response in cattle. However, immunoneutralization of GnRH may not be an effective alternative to physical castration when immunization occurs late in the peripubertal period because serum concentrations of testosterone (T) were unchanged in bulls immunized against GnRH as yearlings (Adams and Adams, 1992) .
In the study presented here we examine testicular function and growth and carcass traits of bulls after active immunization against the GnRH-KLH conjugate at 3 to 4 mo of age. In addition, the effect of implants containing anabolic steroid on growth and carcass traits of steers and immunized and unimmunized bulls is examined.
Materials and Methods

Experimental Design
Ninety-one fall-born Hereford or Hereford x Red Angus bull calves from the Sierra Foothill Range Field Station (Brown's Valley, CA) were randomly assigned by breed and age of dam and birth date to one of six cells in a 3 x 2 factorial experiment. The factors of interest in this experiment were anabolic steroid supplementation and gonadal status. The treatments were 1) unimmunized control (BULL; n = 301, 2) active immunization against GnRH ( ANTI-GnRH; n = 3 11, or 3 ) castration ( STEER; n = 3 0 ) . The classes were 1) unimplanted ( n = 45) or 2 ) implanted ( n = 46) with Synovex (Syntex AgriBusiness, West Des Moines, IA). The mean ( + SEM) age of calves at castration/immunization (processing) was 3.6 f . l mo (mean weight = 112.0 kg). Animals assigned to Class 2 received Synovex-C (100 mg of progesterone and 10 mg of estradiol benzoate) at processing and Synovex-S (200 mg of progesterone and 20 mg of estradiol benzoate) at weaning and feedlot entry. Animals in treatment Group 2 (ANTI-GnRH) received a booster immunization at feedlot entry.
Calves remained at the field station until weaning (mean age at weaning = 7 mo). Calves were housed at the beef cattle and feedlot facilities at the University of California, Davis from weaning to slaughter. During the growing phase calves were fed chopped hay. The cattle entered the feedlot facility at 12 mo of age. During the 16-wk period of feedlot confinement bulls in a class x treatment group were housed in a common pen (11.5 m x 19 m, with 11.5 m of available bunk space). During the first 8 wk of confinement the animals had free access to an intermediate energy diet (Table 1) . A high-energy diet (Table 1) was provided during the final 2 mo of confinement.
ET AL. --Blood samples were collected and animal weight and scrotal circumference ( SC) measured at processing and weaning and at 7-and 4-wk intervals during the growing and finishing phases, respectively. During the finishing phase animals were deprived of feed and water for 16 h before weighing to eliminate variability in animal weight due to variation in extent of ruminal fill. Animals were slaughtered at a commercial abattoir (mean age at slaughter = 15.8 mo) and kidney, pelvic, and heart (KPH) fat, marbling, sex class (steer carcass or bullock carcass), and quality and yield grades were determined by a USDA meat grader 24 h postmortem. The sex class score (1 = steer carcass; 2 = bullock carcass) was taken as a measure of carcass masculinity. Longissimus muscle crosssectional area and backfat thickness were measured at the 12th rib. Testicular weight was determined at castration or slaughter.
Animal masculinity was assessed 1 wk before slaughter by a five-member panel using a modification of the procedure of Unruh et al. (1986) . Each animal was evaluated individually and ranked on a scale of 1 to 10 ( 1 = low masculinity and 10 = high masculinity). Animal masculinity was assessed on the basis of the appearance of the head, neck, forearm, and jump muscle and overall body proportions (disregarding scrotal size). Sperm concentration in testes collected at slaughter was evaluated using a modification of the procedure of Amann and Lambiase (1969) . Briefly, a 1-to 2-g block of testicular tissue was homogenized in 10 mL of saline containing .01% merthiolate using a Brinkmann homogenizer (Brinkmann Instruments, Westbury, NY) equipped with a PTA-1OTS probe. The homogenate was diluted 1:5 with saline and the number of elongated spermatid nuclei was determined using a hemocytometer and phase-contrast optics.
Immunization
At primary immunization 2 mL of an emulsion composed of equal volumes of Freund's complete BULLS ACTIVELY IMMUNIZED AGAINST GNRH E 813 -adjuvant and saline containing 5 mEq of a GnRHkeyhole limpet hemocyanin (KLH) conjugate was delivered to two S.C. sites on the dorsal aspect of the upper neck. The GnRH-KLH conjugate was prepared as described previously Adams, 1990, 1992) . Each milligram equivalent of GnRH-KLH was estimated to contain .65 mg of GnRH covalently linked to 1 mg of KLH. At secondary immunization bulls received 2 mL of an emulsion containing 2 mEq of GnRH-KLH in saline and an equal volume of Freund's incomplete adjuvant. The emulsion for secondary immunization was injected S.C. at two sites in the upper neck.
Determination of Testosterone and Anti-Gonadotropin-Releasing Hormone Titer
Serum concentrations of T were determined by RIA as described previously (Adams et al., 1987) . The intra-and interassay CV for all assays were < 10%. Antibody titer was determined by incubating 8 fmol of
[1251]GnRH (20,000 cpm) in .1 mL of .1 M PBS containing .l% gelatin ( Gel-PBS) with .1 mL of a 1: 100 serum:Gel-PBS dilution Adams, 1986, 1990) . After incubation for 24 h at 4"C, the radiolabeled GnRH not bound t o antibody was separated by precipitation with dextran-coated charcoal. The ANTI-GnRH titer is expressed as the percentage of total [12511GnRH that is bound to antibody.
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Statistical Analyses
presented below:
Data were analyzed using the fixed linear model
where Yijk is an observation on the kth (k = 1, . . . , 15) individual in the jth (j = 1, 2) implant class in treatment i ( i = 1, 2, 3). In this model, Ti is the effect of the ith treatment, Ij is the effect of the presence or absence of the implant containing anabolic steroid, TIij is the effect of the interaction between treatment i and implant class j, and eijk is a random residual unique t o each observation. Data were analyzed by ANOVA. When significant treatment effects were noted, mean comparisons were made using Duncan's multiplerange test (Gill, 1978) . Two animals, one each from the implanted steer and implanted control bull groups, died unexpectedly during feedlot confinement. The cause of death could not be determined and data from these animals were not included in the analyses. Data are presented in the text as Mean rt SEM. Figure 1 . Anti-gonadotropin-releasing hormone (ANTI-GnRH) titer in bulls (n = 31) actively immunized against GnRH. Bulls received a primary immunization (PI) at 3 to 4 mo of age and a secondary immunization 36 wk after PI. The ANTI-GnRH titer is presented as a percentage of total [1251]GnRH bound by .1 mL of a 1: 100 dilution of serum. The ANTI-GnRH titer was not evident in unimmunized bulls. munized bulls. Therefore, data from immunized bulls were combined across implant class for subsequent analysis (Figure 1 ). All bull calves (31 of 31) immunized against GnRH at 3 to 4 mo of age developed significant ( P < .05) ANTI-GnRH titer by weaning (43.3 f 2.3%). The ANTI-GnRH titer remained elevated to slaughter (39.7 _+ 2.4%). The ANTI-GnRH titer was significantly ( P < .05) increased (52.1 k 2.2%) 4 wk after secondary (booster) immunization, but it returned to pre-booster levels within 12 wk of secondary immunization. Antibodies against GnRH were not evident in unimmunized bulls or steers.
Results
Anti-Gonadotropin
Testicular Function and Masculinity. Serum concentrations of T at weaning (.5 k .1 ng/mL) and slaughter (.9 f .3 ng/mL) in bulls actively immunized against GnRH were lower ( P < .05) than concentrations of T in unimplanted control bulls at comparable stages of development (2.3 ? .6 and 3.3 ? .4 ng/mL, respectively). Serum concentrations of T in bulls actively immunized against GnRH were not significantly affected by concurrent treatment with Synovex. In contrast, Synovex implants decreased ( P < . 0 5 ) serum concentrations of T at weaning (. 9 k .4 ng/mL) and feedlot entry (.5 f .2 ng/mL) in unimmunized bulls. However, at slaughter serum levels of T in unimmunized bulls did not differ ( P > .05) across implant class ( Table 2 ). The residual serum concentration of T in bulls immunized against GnRH did not differ significantly ( P > .05) from the final serum concentration of T in steers (Table 2) .
Scrotal circumference at weaning (21.6 f .6 cm), feedlot entry (29.3 f .5 cm), and slaughter (36.5 ? .6 
Carcass Truits. When evaluated across treatments
Synovex did not significantly affect dressing percentage, longissimus muscle area, or marbling score (Table 4) . However, Synovex did increase backfat thickness ( P < .05) and yield grade ( P < .05) and significantly ( P < .0005) reduced carcass masculinity.
Although dressing percentage, marbling score, and backfat thickness were not significantly affected by treatment, carcass masculinity ( P < ,0001) was reduced in steers and ANTI-GnRH bulls, relative to values for control bulls. Similarly, longissimus muscle area of steers and ANTI-GnRH bulls was smaller ( P < .0001) than the longissimus muscle area in control T o t a l w t gain during the 16-wk period of feedlot confinement. die*f*Walues in a treatment or treatment x implant column that do not share a common superscript differ ( P c .05).
bulls. However, the longissimus muscle area in ANTIGnRH bulls was significantly greater than that in steer s .
actively immunized with the GnRH-KLH coqjugate.
This is consistent with the response to active immunization in other domestic species. In both boars and ram lambs, immunoneutralization of GnRH leads to Discussion decreased gonadotropin secretion and associated reductions in testicular size, T secretion, and sperThe results of this study indicate that testicular matogenesis (Schanbacher, 1982; Grizzle et al., 1987 ; development is retarded and spermatogenic and Awoniyi et a]., Sabeur and Adams, 1989) .
steroidogenic activity is attenuated in bull calves Impairment of testicular development and hnction in aMarbling score: 2 = trace; 3 = trace +; 4 = slight -; 5 = slight; 6 = slight +.
bKidney, pelvic, and heart fat. %ex class score: 1 = steer carcass; 2 = bullock carcass.
die,f,!%alues in a treatment or treatment x implant column that do not share a common superscript differ ( P c .05).
bulls actively immunized against GnRH was also noted in the early studies of Robertson et al. (1979 Robertson et al. ( , 1982 . Conversely, we (Adams and Adams, 1992) recently noted that testicular growth was arrested, but T secretion was unchanged, in bulls actively immunized against GnRH as yearlings. The difference in steroidogenic response to active immunization noted here and in our previous study (Adams and Adams, 1992 ) is likely due t o difference in animal age at immunization in the two studies. In this study bull calves were immunized against GnRH at 3 to 4 mo of age. This is before appreciable testicular growth and steroidogenic activity is noted in bull calves (McCarthy et al., 1979; Amann, 1983; Amann and Walker, 1983) . Similar to the response to active immunization, testicular development and function are attenuated in bulls implanted with Synovex. This Synovex-induced suppression of testicular development is consistent with the response noted in bulls implanted with estradiol-170 (Schanbacher, 1984a; Calkins et al., 1986) or zeranol (Ralgro), a lactone with high estrogenic activity (Silcox et al., 1986; Unruh et al., 1986) . However, this is in contrast to the results of our previous study (Adams and Adams, 1992) , in which final testicular weight of bulls implanted with Synovex-S at feedlot entry did not differ from testicular weight in unimplanted bulls. These contrasting results may be due to difference in the age at first implantation in the two studies. Indeed, Silcox et al. (1986) noted that zeranol implants suppressed final testicular weight when bulls received the first implant before, but not after, 200 d of age. Similarly, testicular weight was unaffected by zeranol when bulls received implants as yearlings (Gregory and Ford, 1983) .
The suppression of testicular growth and development in cattle with implants containing anabolic steroid is most likely the result of implant-induced attenuation of episodic secretion of GnRH and associated reduction in gonadotropin secretion (Schanbacher, 1984a) . Indeed, the frequency and amplitude of secretory episodes of LH are reduced and testicular growth attenuated in bull calves with implants that contain estradiol (Schanbacher, 1984a; Deaver et al., 1988) . Moreover, episodic administration of GnRH to calves treated with estradiol reestablished secretion of LH and sustained testicular growth (Schanbacher, 1984a) .
The inhibition of testicular growth in prepubertal bulls with estradiol or zeranol implants is accompanied by reduction in testicular function as well. Thus, T secretion is reduced (Calkins et al., 1986; Jones et al., 1991) and spermatogenesis (Ballachey et al., 1986; Godfrey et al., 1989 ) is attenuated in implanted cattle. The diameter of the seminiferous tubules is also reduced in bulls implanted with zeranol (Ballachey et al., 1986) . This suppression of testicular function is likely due to implant-induced inhibition of LH secretion because spermatogenesis and seminiferous tubule diameter are reduced to a similar extent in bulls actively immunized against LH (Schanbacher, 1985) .
We note here that Synovex implants markedly increased feedlot gain and final live weight and carcass weight of steers. These observations are consistent with previous studies (Schanbacher, 1984b; Perry et al., 1991; Rumsey et al., 1992) and emphasize the significant anabolic effect of exogenous steroids in castrated cattle. In contrast, Synovex treatment did not improve the feedlot performance of bulls. These data are in agreement with the results of other studies (Silcox et al., 1986; Jones et al., 1991) and suggest that the anabolic effect of endogenous steroids of testicular origin is not appreciably augmented by supplementation with exogenous steroids.
Although T secretion was decreased in bulls actively immunized against GnRH, final live weight and carcass weight were comparable in immunized and control bulls without Synovex. In addition, slaughter and carcass weights and feedlot gain were greater in immunized bulls than in unimplanted steers. Moreover, these measures of growth and feedlot performance in immunized bulls were not improved by Synovex. These observations indicate that the residual level of T secretion in immunized bulls has anabolic activity that is sufficient to sustain a high rate of growth.
Although the final weight and carcass weight of immunized bulls and unimplanted control bulls did not differ, the masculinity of the immunized bulls was lower than that of unimmunized contemporaries. Indeed, immunization against GnRH lessened the bull-like characteristics of cattle in each of the tests of masculinity used here Cjudging panel and sex class determination by a USDA grader). Carcass masculinity was also reduced in bulls implanted with Synovex. When compared with unimplanted control bulls, both Synovex and immunization reduced serum concentrations of T during the preweaning, growing, and early finishing phases of development. This reduced level of androgen stimulation during development may account for the low carcass masculinity in these implant and treatment groups. The reduced masculinity of carcasses from immunized and(or) implanted animals has economic importance because carcasses classified as bullock are less saleable than those receiving the Select or Choice designation. The Synovex-induced increase in animal masculinity in steers was not accompanied by a change in carcass masculinity and may simply reflect the fuller conformation and heavier weight of implanted steers, relative to unimplanted contemporaries, in the week just before slaughter.
Implications
Testicular development and function are decreased in bull calves actively immunized against gonadotropin-releasing hormone (GnRH) . The final live weight and carcass weight of bulls actively immunized against GnRH, unimplanted control bulls, and steers implanted with Synovex were comparable. Unlike steers, the growth and feedlot performance of immunized and unimmunized bulls was not significantly affected by supplementation with Synovex. Thus, active immunization against gonadotropinreleasing hormone may have practical utility as a noninvasive alternative to surgical castration in the management of beef cattle. In addition, the residual levels of testosterone secretion in immunized bulls may have anabolic effects that reduce the need for supplementation with exogenous steroid.
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